Ovarian cancer is considered one of the lethal cancers responsible for high mortality and morbidity across the world. The prognosis and the survival rate of ovarian cancer is far from decent. Cysteine-rich 61 (Cyr61) also known as CCN1, is a member of CCN-family of growth factors, reported to be significantly overexpressed in several malignancies which include, but are not limited to, ovarian cancer. Recent studies have revealed that women with type 2 diabetes mellitus have an elevated risk of ovarian cancer. Hence, administration of an antidiabetic drug with anticancer effects such as metformin may act as an effective therapeutic regime against ovarian cancer.
Background
Ovarian cancer is known to be one of the most lethal gynecological cancers worldwide. It is the seventh most frequently detected cancer and the fifth leading cause of death in the female population around the globe [1, 2] . The incidence of the ovarian cancer is very high with more than 225 000 women being diagnosed for this type of cancer each year [3, 4] . Despite several therapeutic strategies, such as radiation and chemotherapy (gemcitabine or cisplatin), the overall 5-year survival rate is less than 40% [5] . Several epidemiological studies revealed that diabetes increases the risk of several cancers including colorectal, endometrial, breast, and ovarian cancer to name a few. Moreover, diabetes is also associated with poor prognosis and survival of patients suffering from these cancers [6, 7] . There are a few reports that provide strong evidences about the positive association of diabetes with the development of ovarian cancer [8, 9] . The association between diabetes and cancer is complex. From a molecular standpoint, data suggests that elevated insulin-like growth factor I, increased cytokine and estrogen levels, adipokine imbalances, and hyperinsulinemia likely contribute to both an increased risk of ovarian malignancy as well as leading to inferior cancer outcomes [10] . Hence, application of antidiabetic drugs with anticancer activity might prove effective in the treatment of ovarian cancer. Metformin, an oral biguanide medication used to treat type 2 diabetes, has demonstrated potential anticancer properties against several carcinomas and has also been tested in clinical trials against several types of cancers [11, 12] . Metformin has been evaluated against different types of cancers. For, instance metformin in combination with imatinib was found to effective against colorectal cancer [13] . Similarly, metformin in combination with atorvastatin was found to be effective against prostate cancer [14] . There have been several reports on the effectiveness of metformin on ovarian cancer cells as well [15] [16] [17] , but the direct target of this drug in ovarian cancer is yet to be reported.
Cysteine-rich 61 (Cyr61), also known as CCN 1 belongs to CCN family (Cyr61/CTGF/Nov) of growth factors and has been reported to be highly expressed in various carcinomas including breast, pancreatic and gastric cancer [18] [19] [20] [21] [22] . Cyr61 was also reported to be significantly expressed in ovarian cancer and responsible for the poor prognosis of the disease [23] [24] [25] . Recently, Das et al., proposed that metformin inhibits the invasiveness of pancreatic cancer cells by targeting CCN1 signaling [26] . But there is no such report in ovarian cancer. Moreover, it has been demonstrated that CCN 1 modulates PI3K/Akt/mTOR cascade in ovarian cancer cells [23] . In the present study we investigated whether metformin can inhibit the oncogenic potential of ovarian cancer cells by targeting CCN 1 signaling.
Material and Methods

Cell culture and maintenance
Human ovarian carcinoma cells OVCAR-3 were cultured in RPMI 1640 complete media containing 10% fetal bovine serum (FBS) and antibiotics such as penicillin (100 U/mL) and streptomycin (100 μg/mL) at 37°C in a humidified chamber.
Cell viability assay
Cell viability was assessed spectrophotometrically by using MTT assay. Cultured OVCAR-3 cells were seeded at the density of 1.2×10 4 to 1.5×10 4 in 96-well microtiter plates and treated with different concentrations of metformin (Sigma-Aldrich, USA) for 48 hours. Post-treatment, to each well MTT solution was added and finally the ELISA plate reader was used to take the absorbance at 570 nm.
Apoptosis assay
Apoptosis was determined by Annexin V-FITC/PI dual staining method using BD FACSCalibur and FACS Diva software for analysis. Cultured OVCAR-3 cells at the density of 0.6×10 6 cells/well were seeded in 6-well plates and treated with different concentrations of metformin (0-20 mM) for 48 hours. The Annexin V-FITC apoptosis detection kit (Cayman Chemicals) was finally used to determine in accordance with the manufacturer's protocol.
Matrigel invasion assay
Invasion was determined using Matrigel ® -coated invasion chambers (BD Biosciences). Untreated or metformin (0-20 mM) treated cells, reached the lower surface of the membrane were stained with crystal violet (CV). Images of CV-stained cells were captured by a phase contrast microscope. Acetic acid (10%) was used to dissolve the resulting CV complex. Finally, the cell invasion was determined by taking the absorbance at 600 nm.
Transient transfection with siCyr61
For transient knockdown of Cyr61 in OVCAR-3 cells, siCyr61 RNA (sc-39331) and scrambled siRNAs (sc-44234) were purchased from Santa Cruz and cells were transfected with 100 nM of siCyr61 RNA using Lipofectamine 2000 (Invitrogen), following the manufacturer's protocol.
Western blot analysis
The cultured OVCAR-3 cells were harvested and lysed with lysis buffer. The protein extracts were incubated at 99°C for 15 min in the presence of loading buffer followed by separation of cell 6094 extracts using 15% SDS-PAGE gel. The samples were then put onto polyvinylidene fluoride membranes blocked using 5% skimmed milk powder. Membrane incubation with primary antibodies (Cry61, Bcl-2, Bax, cleaved caspase-3, AKT, PI3K, mTOR, p-AKT, p-PI3K, and p-mTOR) was performed for 24 hours at 4°C. The membranes were incubated with horseradish peroxidaselinked secondary biotinylated secondary antibodies at 1: 1000 dilution for 2 hours. Washing of the membranes with PBS was followed by visualization of the immune-reactive bands with the help of ECL-PLUS kit according to the guidelines of the manufacturer. The immune complexes development was carried out using an ECL detection kit according to the manual. The bands were analyzed using GelGDoc2000 imaging system.
Statistical analysis
All data were expressed as the mean ± standard deviation (SD). Statistically significant differences between groups were determined by the students t-test for comparisons between 2 samples and the one-way ANNOVA followed by Tukey's post hoc test for comparisons between more than 2 samples, and by using GraphPad Prism 7 software (GraphPad Software, Inc., La Jolla, CA, USA). A value of P<0.05 was considered statistically significant.
Results
Metformin reduced viability of ovarian cancer cells and induced apoptosis
Treatment of human ovarian cancer cells OVCAR-3 with metformin resulted in the significant loss of cell viability in a dosedependent manner ( Figure 1A ). Treatment of OVCAR-3 with different concentrations of metformin for 48 hours caused a gradual decrease in cell viability with an IC 50 of 30 mM.
To determine the mode of cell death, we investigated if metformin could induce apoptosis in metformin-treated OVCAR-3 cells. The results showed a gradual increase in apoptotic population in metformin-treated cells with increased concentration of metformin ( Figure 1B ). In the presence of 20 mM metformin, the apoptotic cell populations increased up to 11.3%, while at IC 50 dose it exhibited about 29.6% increase. Moreover, the expression of the pro-apoptotic markers Bax and cl-caspase-3 showed significant upregulation with a concomitant decrease in the expression of the anti-apoptotic protein Bcl-2 ( Figure 1C ).
Metformin inhibits colony forming ability of ovarian cancer cells
The clonogenic potential of the ovarian cancer cells was found to be significantly reduced in the presence of metformin (Figure 2A, 2B) . When seeded at low density, OVCAR-3 cells formed viable colonies after 5 days of culture. However, in the presence of metformin, a marked reduction in the number of OVCAR-3 colonies was observed. At the concentration of 10 mM metformin, the colony forming potential of OVCAR-3 cells was decreased by 60% with further decrease with increased concentration of metformin.
Metformin inhibited invasiveness of ovarian cancer cells
The invasive properties of OVCAR-3 cells were found to be significantly inhibited in the presence of metformin, as determined by Boyden Chamber Matrigel assay ( Figure 3A, 3B) . The invasive properties of OVCAR-3 cells were reduced by 50% in the presence of 10 mM metformin, while more inhibition was observed at higher doses of metformin.
Depletion of Cyr61 affected viability and invasiveness in ovarian cancer cells by modulating PI3K/Akt/mTOR signaling
It has been previously reported that Cyr61 plays an important role in the progression of ovarian cancer [23] [24] [25] . Hence, we investigated the effect of Cyr61 knockdown on the tumorigenic properties of ovarian cancer cells. SiRNA mediated knockdown of Cyr61 resulted in the loss of viability and inhibition of invasive properties of OVCAR-3 cells (Figure 4A-4D) . Furthermore, the expression of some of the important proteins of PI3K/Akt/ mTOR signaling pathway was also found to be downregulated in Cyr61
-ve cells, which corroborates with the findings reported in earlier studies [23] (Figure 4E ).
Metformin targeted PI3K/Akt/mTOR signaling in ovarian cancer cells
To investigate the impact of metformin on PI3K/Akt/mTOR signaling, we determined the phosphorylation levels of p85, the regulatory subunit of PI3K, Akt, and mTOR in metformintreated OVCAR-3 cells. Interestingly, it was observed that metformin administration caused a significant reduction of p85, pAkt (Ser 473), and p-mTOR (Ser2448) levels in OVCAR-3 cells (Figure 5A-5D) . However, the total Akt and mTOR expression levels remained unaltered.
Cyr61 acted as a direct target of metformin in ovarian cancer cells
To investigate whether Cyr61 acts as a target for metformin, we determined the expression levels of Cyr61 in metformintreated OVCAR-3 cells. We observed a dose-dependent decrease in Cyr61 expression in metformin-treated OVCAR-3 cells (Figure 6A, 6B) . To further confirm that this decline in Cyr61 expression by metformin affects the viability of OVCAR-3, we co-incubated cells with both metformin and different concentrations of human recombinant Cyr61. It was observed that the viability of metformin-treated OVCAR-3 cells was restored in the presence of recombinant Cyr61 protein ( Figure 6C ). Thus, it might be concluded that Cyr61 acted as a direct target for metformin in ovarian cancer cells.
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Depletion of Cyr61 sanitized ovarian cancer cells to PTX treatment
Previous reports suggested that Cyr61 was responsible for the acquisition of paclitaxel (PTX) resistance in various carcinomas [27, 28] . Hence, we investigated whether Cyr 61 played any role in PTX resistance in ovarian cancer cells. Treatment of OVCAR-3 with PTX resulted in a dose-dependent inhibition of cell viability and the IC 50 was observed at around 600 nM. But when Cyr61
-ve OVCAR-3 cells were treated with PTX, a drastic decrease in cell viability was observed and the IC 50 was observed at around 150 nM ( Figure 7A ). Thus, we conclude that Cyr61 was responsible for the acquisition of PTX resistance in ovarian cancer cells.
Metformin enhanced chemosensitivity of ovarian cells
Since metformin treatment caused significant decrease in the expression of Cyr61, we further investigated whether it could enhance the efficacy of PTX against ovarian cancer cells. Treatment of OVCAR-3 cells with metformin or PTX alone resulted in the loss of viability by 11% and 20% respectively. But when metformin was administered in combination with PTX, a drastic decrease in the cell viability was observed ( Figure 7B ). The results showed that co-administered of metformin with PTX caused 35% reduction in the viability of OVCAR-3 cells. Interestingly, 
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when the cells were pre-incubated with metformin and then treated with PTX, cell viability was decreased by about 65%. Taken together, these results indicate that metformin increases the therapeutic potential of PTX in ovarian cancer cells.
Discussion
The PI3K/AKT/mTOR cascade plays an important role in the growth, propagation, and metastasis of several human malignancies, including the ovarian cancer [29] [30] [31] . Previous genomic studies have suggested that this pathway undergoes more frequent mutational alterations in ovarian carcinoma compared to other malignancies [32] . Accumulating experimental evidence also indicates that PI3K/AKT/mTOR signaling is responsible for the acquisition of chemoresistance properties and poor prognoses of ovarian cancer [33, 34] . Cyr61, a member of CCN 1 family of growth factors, has been known to be highly expressed in ovarian cancer cells/tissues and associated with poor prognosis of the disease [23] [24] [25] . Furthermore, Cyr61 has also been reported to modulate PI3K/AKT/mTOR signaling in ovarian cancer cells [23] . Although several PI3K/ AKT/mTOR signaling inhibitors have undergone clinical trials, the efficacy rate has not been very optimistic due to frequent mutations, heterogeneity, complexity of the disease, toxicity, and development of chemoresistance phenotype [29] . Hence, development of novel drug candidates has become an urgent requirement for the prevention of ovarian cancer.
Recently, Das et al., reported that the antidiabetic drug metformin inhibits the oncogenic potential of pancreatic cancer cells by targeting Cyr61 signaling [26] . Further literature search revealed that female patients suffering from diabetes were more prone to the risk of ovarian cancer [8] [9] [10] . Although the effectiveness of metformin on ovarian cancer cells have been reported [15] [16] [17] , the precise mechanism of this drug in ovarian cancer cells is not yet understood. Hence, in the present study, we thoroughly investigated whether Cyr61, being the upstream modulator of PI3K/AKT/mTOR pathway, acts as a direct target for metformin.
In our study we have observed that metformin treatment resulted in the significant loss of cell viability in ovarian cancer cells OVCAR-3, along with the simultaneous induction of apoptosis ( Figure 1) . Moreover, metformin also inhibited the colony forming ability and invasiveness of OVCAR-3 cells in a dose-dependent manner (Figures 2, 3) . SiRNA mediated knockdown of Cyr61 significantly downregulated the PI3K/AKT/mTOR pathway in OVCAR-3 cells (Figure 4 ) and similar results were observed when the cells were treated with metformin ( Figure 5 ). Furthermore, it was observed that metformin treatment resulted in dose-dependent decrease of Cyr61 expression ( Figure 6 ). However, when OVCAR-3 cells were co-treated with human recombinant Cyr61, the cytotoxic effects of metformin on ovarian cancer cells were nullified to a significant extent ( Figure 6 ). This data confirmed the direct involvement of Cyr61 in metformin-mediated cytotoxicity in ovarian cancer cells. Since the positive association of Cyr61 with drug resistance in several carcinomas has been well documented, we further investigated whether it had similar roles in ovarian cancer. Comparative cytotoxicity studies revealed that in Cyr61-depleted OVCAR-3 cells, the effect of PTX was more prominent than the effect in parental cells ( Figure 7A ). Since metformin targets Cyr61 in ovarian cancer cells, we presumed that it might enhance the efficacy of PTX on ovarian cancer cells. It was observed that co-treatment of OVCAR-3 cells with both metformin and PTX resulted in significant reduction of cell viability compared to . The results are expressed as mean ± standard deviation of 3 independent experiments. The values were considered significant at * P<0.05. the drugs when administered alone. Also, when the cells that were pretreated with metformin, were further post-incubated with PTX, cell viability was more drastically reduced. Since it is well established that diabetic patients have a very high risk of developing ovarian cancer, metformin can serve the dual purpose of combating both pathological conditions. Although, this study was carried out using only 1 cell model, more studies using many more cell lines and in vivo evaluation of metformin will surely pave the way for development of metformin as an anticancer agent for the treatment of ovarian cancer. 
Conclusions
These study results suggest that metformin inhibits the oncogenic potential of ovarian cancer cells and enhances chemosensitivity by targeting the Cyr61/PI3K/AKT/mTOR axis. Metformin is already an approved drug for the treatment of diabetes and there are no cytotoxicity issues associated with its use. Therefore, it may prove a potential candidate for the treatment of ovarian cancer. 
